VOLUMINOUS literature is available on biochemical differences between malignant and non-malignant tissue, yet, precise biochemical characterisation of carcinogenesis of tissue is still a challenge to the biochemists at large. In recent years a number of biochemical studies on induced carcinogenesis of liver have been reported (Weber, Banerjee and Morris, 1961) . However, literature on spontaneous carcinogenesis of any other tissue (including mammary tissue) is very scanty. The importance of experimental work on mammary carcinogenesis in general, and of systematic biochemical studies of the events before development of breast cancer in particular, need not be emphasised. Extensive biological studies on sequential histological development in mammary tumorigenesis have been reported from this laboratory (Ranadive, 1959) and abroad (Severi, 1958) . The present authors have been interested in mammary carcinogenesis to study metabolic changes associated with malignant transformation and correlation of significant biochemical changes concurrent with the formation of precancerous hyperplastic nodules in the breast tissue.
The present paper reports salient observations on metabolic alterations taking place in the breast tissue of mice from young adult stage of 4 months (when the mammary tissue shows normal histology) till the development of tumour in two strains of mice susceptible to breast cancer. For this purpose metabolic parameters of growth such as levels of ribo-and deoxyribonucleic acids, activities of ribonuclease (RNAase), adenosine-triphosphatase (ATPase) and acid and alkaline phosphatases were measured. Mammary glands of 4, 6, 8 and 10 months old virgin mice of two susceptible strains namely C3H (Jax) and I.C.R.C. were used for the experimental purpose. The latter strain, i.e. I.C.R.C. strain, is a newly developed inbred line of albino mouse and is highly susceptible to breast cancer (Ranadive and Kanekar, 1963) . Virgin mice of corresponding age groups of C57 (Black) strain resistant to breast cancer were used for comparison.
MATERIALS AND METHODS
ATirgin mice of two strains C3H (Jax) and I.C.R.C. both highly susceptible to spontaneous breast cancer and a resistant strain C57 (Black) were divided into the following age groups: (1) 4 months old, (2) 6 months old, (3) 8 months old, (4) 10 months old and (5) the last group consisted of tumour-bearing mice of the two susceptible strains only.
Animals were killed group-wise, and breast tissue was removed carefully. The tissue was homogenised in a Potter Elvehjem homogeniser in distilled water to make it to 10 per cent. In tumour bearing mice tumour tissue instead of breast tissue was used for estimations. The tumour bearing animals (most of them between the age of 10 and 12 months) were killed when the tumour was 2 x 2 cm. in size. Tumour tissue was also homogenised in distilled water to make it to 10 per cent.
The homogenate was used for the following estimations: 1. Estimation of ribonucleic acid by Ogur and Rosen's method (1950) . 2. Deoxyribonucleic acid was estimated by indole method (Ceriotti, 1952 Krishnan (1955) . In this case also ,tg. of phosphorus liberated per ,ug. of tyrosine denoted the enzyme activity.
All the results presented in this paper are the mean values of a minimum of six experiments. Table I shows the contents of ribonucleic acid in mammary glands of virgin mice of three strains, namely C3H (Jax), C57 (Black) and I.C.R.C., at different age periods. It is obvious that the patterns of RNA levels in the two susceptible strains are comparable. In both the strains RNA level is low at 4 months, and reaches its peak at 8 months. Further variations in the 10-month-old breast tissue and in tumour tissue are not statistically significant. It may be noted that RNA content of the breast at precancerous stage at 8 months and that of the tumour is comparable (yet 60 per cent higher than that of normal breast tissue at 4 months). The C57 (Black) strain on the other hand does not have any significant difference in RNA content from 4 months to 10 months. It may be noted from Table II that in both the susceptible strains DNA content is lowest at the age of 4 months. The tumour has a significantly higher DNA level than the normal breast tissue at 4 months. In C3H (Jax) strain DNA content increases steadily from the age of 4 months until the formation of tumour. However, in the I.C.R.C. strain the significant increase in DNA content (from 100 to 191 per cent) is noted at the age of 6 months; thereafter there is no statistically significant variation in the latter age groups or in the tumour.
OBSERVATIONS
In the C57 (Black) strain there is no significant difference in DNA content of breast tissue from the age of 4 months to 10 months. Activities of RNAase of breast tissue at various age periods are shown in Table III . As in nucleic acids, the pattern of ribonuclease activity is similar in the two susceptible strains. It increases from the age of 4 months till the age of 8 months and then declines in 10 months and in the tumour bearing group. It may be noted that (i) in the C3H (Jax) strain the most significant rise (from 134 per cent to 223 per cent) in enzyme activity occurs at the age of 8 months and (ii) that the tumour RNAase activity is as low as 26 per cent of the normal breast tissue at 4 months age. In the I.C.R.C. strain the substantial increase from 100 per cent to 214 per cent is noted at the age of 6 months and the decrease in RNAase activity after 8 months is much less than that in the C3H (Jax) strain at corresponding age. Hence the tumour RNAase activity in the I.C.R.C. strain is statistically comparable with breast tissue at 4 months.
RNAase activity in the C57 (Black) strain does not significantly vary in all the age groups. Table IV shows the activities of ATPase in the three strains under study. ATPase activity in the C3H (Jax) strain remains comparable in 4, 6 and 8 months old groups. A significant increase is noted only at the age of 10 months and then remains comparable in the tumour. The tumour has 100 per cent more enzyme activity than the breast at 4 months age. In the I.C.R.C. strain, enzyme activity is lowest in 4 months old breast tissue. It rises significantly at the age of 6 months (from 100 per cent to 361 per cent) and then remains comparable in the later age groups as well as in tumour itself. The tumour has 193 per cent higher enzyme activity than normal breast tissue at 4 months.
In the C57 (Black) strain there is no significant change in ATPase activity in different age groups. Acid phosphatase activity of all the three experimental strains is shown in Table V . In all the three strains, acid phosphatase activity does not change significantly in all the age groups.
In Table VI are shown the activities of alkaline phosphatase. In all the three strains it may be noted that the breast tissue of all age groups has very high alkaline phosphatase activity as compared with the corresponding acid phosphatase activity. Further it may be noted that alkaline phosphatase activity remains unaltered in all the age groups.
DISCUSSION
Important metabolites which are studied in the present experiment may be grouped as follows:
Alkaline phosphatase-marker enzyme of the breast tissue and the breast tumour.
Ribo-and deoxyribonucleic acids-directly associated with growth and proliferation of the cells.
Ribonuclease and adenosine triphosphatase-associated with growth. With reference to phosphatases it may be stated that the normal adult breast tissue possesses high alkaline and low acid phosphatase activity. Both the enzyme activities do not change appreciably in the higher age groups and in the tumour itself. The role of alkaline phosphatase in the mammary gland development and function is not yet clearly understood. Folly (1949) has postulated that it may play an important role in lactose biosynthesis. It is thus significant that alkaline phosphatase remains unaffected during malignant transformation of the breast and in the breast tumour itself. A similar case where the tissue specific enzymes are maintained during carcinogenesis of the tissue is that of slow growing hepatoma. Weber, Banerjee and Morris (1961) have shown that Morris hepatoma 5123 possesses glycolytic and gluconeogenic enzymes in the range of normal liver activity. In fact we have shown previously that mammary carcinomas in different strains of mice have higher alkaline than acid phosphatase activity, and alkaline phosphatase activity may be treated as a marker enzyme of the mammary tumours (Sheth et al., 1966) .
The salient points pertaining to other metabolites may be enumerated as follows: Contents of both the nucleic acids and activity of ATPase are lowest in the breast tissue of 4 months old virgin mice of both the susceptible strains, these then increase until the age of 8 months. Further it may be noted that the substantial increase in the graded rise of the entities occurs at 6 months in the I.C.R.C. strain and at 8 months in the C3H (Jax) strain. Thereafter they remain comparable in the later age groups and tumour bearing group. RNA, DNA and ATPase levels of the tumour are significantly higher than the normal breast tissue at the age of 4 months. This observation is amply supported by a number of investigators and need not be emphasised here (Greenstein, 1954; Aisenberg, 1961) . With reference to RNAase it may be stated that in both the susceptible strains there is a considerable rise in enzyme activity from the age of 4 months to the age of 8 months. It then decreases in the tumour. Low RNAase activity in tumour has been reported by several workers (Roth, 1963) . The increase in RNAase activity in early carcinogenesis of the hepatic tissue is reported by Cantero, Daoust and De Lamirande (1950) . In view of recent emphasis on the role of lysosomal enzymes in carcinogenesis of tissue, the increase in RNAase activity is interesting. It has been reported that a number of lysosomal enzymes increase significantly in the early stages of liver injury (Slater, Greenbaum and Wang, 1963) . It is possible that these lytic enzymes may play a role in the transformation of normal to malignant tissue. Further it is worth noting that the most substantial increase in the enzyme activity occurs at the age of 6 months in the I.C.R.C. strain (from 100 to 214 per cent) and at the age of 8 months in the C3H (Jax) strain (from 134 to 223 per cent). The increase in enzyme activity does not seem to be associated with ageing but with malignant transformation of the breast tissue because the virgin mice of C57 (Black) strain do not show any significant variation in enzyme activity in different age groups.
To appreciate the implications of these metabolic changes one has to consider the biological picture of the breast tissue at various age periods. At 4 months the mammary glands of all the three strains show a normal histological picture. In the majority of I.C.R.C. mice precancerous hyperplastic nodules appear around the age of 6 months (Ranadive and Kanekar, 1963) , which is much earlier than in the C3H (Jax) strain. In the C3H (Jax) strain well defined precancerous nodules are developed around the age of 8 months (Ranadive, 1945) . In the light of these biological observations, the substantial increases in RNA, DNA, ATPase and RNAase at the age of 6 months in the I.C.R.C. strain and at the age of 8 months in C3H (Jax) strain seems significant. Further it may be noted that following the appearance of these nodules, there is no significant change in the contents of these entities (except RNAase) in the later age groups, or in the tumour itself. In the present experiment all the metabolites are expressed per ,tg. of protein.
Increase in cellular mass in tumour formation is accompanied by the increase in different entities, as well as in protein content, therefore an increase in absolute quantities may not be apparent in the later age groups or in the tumour itself. Hence, the metabolic changes which are concurrent with the formation of hyperplastic precancerous nodules stand out significantly. It is quite conceivable that the increase in these metabolites occurs at the time of specific inherent changes in the cell mechanism. These metabolic changes are probably controlled by alteration at genetic level in the normal mammary cells. Such cell transformation is then followed by the burst of proliferative activity leading towards the tumour formation. Of course it is essential to investigate further specific parameters or markers of mammary tissue, showing significant altsrations at the precancerous nodular stage. It is reported that certain enzymes such as xanthine oxidase are rich in normal mammary tissue but are very low in the tumour (Bergel et al., 1957) . It would be interesting to see if this decrease in the enzyme activity occurs at the early transformatory stage or in the tumour itself. Studies on xanthine oxidase and other catabolic enzymes are in progress and will be reported later.
SUMMARY
Breast tissue of 4, 6, 8 and 10 months old virgin mice of two strains, namely I.C.R.C. and C3H (Jax), both susceptible to breast cancer and of C57 (Black) resistant to breast cancer was studied. Content of ribo-and deoxyribonucleic acids and activities of acid and alkaline phosphatases, adenosine triphosphatase and ribonuclease were measured. It was observed that concurrent with the formation of hyperplastic nodules in the breast tissue of two susceptible strains around the age of 6 months in I.C.R.C. and at the age of 8 months in C3H (Jax), the levels of ribo-and deoxyribonucleic acids and ATPase activity increase significantly. Following the formation of hyperplastic nodules there is no significant change in the levels of these metabolites, in the breast tissue of the later age-groups or in the tumour itself. RNAase activity increases up to the formation of hyperplastic nodules and then decreases in the breast tissue of the later age-groups and in the tumour itself. In the resistant strain various metabolites of the breast tissue, do not change significantly at different age periods. Experimental observations are discussed in the light of relevant literature.
